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PROCESS 



The presentments concerns a process for the preparation of ollgonucleot.de* 
Oligonucleotides are conventionally prepared by solid phase synthesis whereto ^ 
^n^UgcL^de - to a solid support Conventional ly, phosphorite 

Te^epre^ 



chemistry In the presence or a ansa* or surer,*™* - » - ■ 

effectthe sequential coupling of nucleoside*. TnesoCd supports eir^ to the^W 

12 and rUdUatyrw-. A number of attempts have Seen made to employ swdlaMe 
"su^w^ ontr advantages in ten™ of mur* higher P«"« J" 
tevTemployed oonventtonal tettazole^ased abators. Generally, the resliKs have teen 
aCpS^ ** either eiow ooupiing raaoflons or ragulrtng vary high amounts of 

^Surprisingly, It has now baan found that the selection of a particular dass of 
activetora enables elgnfflcantly improved aynthesls of ellgenucleottdes using 
DhosphOramlditecnemls«y and swellable supports. ...«™<.-. 

According to f preeart invention, there Is provided a p-ocees tor toe syntoesa of 
an ollgbhucleotlde In which an oligonucleotide is assembled on a swellable solid . support 
using the phosphorate approach in the presence of an activator, wherein ihe activator 
is not tetosmle or a substituted telrazole. .,_,„«_ lnH „H, 

AcSvetora which oan be employed In the process of tha present Invanton ,ndude 
salts of hatemaromstlc compounds comprising fewer than four nitroger .atoms Jn toe 
heteroaromatic Hng. eapedally heteroaromatic compounds compnsmg a 6 or e membemd 
r JhTcTLp^s one « *ogen ato^. Examptes Induce pyrtdm u m . 
ZZZZ and benaMda*ol,nlum sate, partldtlariy me 7*"°*°^ 
tetrafluoroborate. trifle*, hydrochloride. trtfluoroacetote. dtehtoroaceteie, °£* 
bnarfde or ttttluoroaulphonvl salts as dbdosed In PCT application WO «W8H22 
flnCoratod herein by referee,; benzotoazole and derivatives thereof, espedally 
E^rmatazote; and eaccharin or a saccharin derivative, preferably employed as a 

^n derivative w«t can be erased pretoratfly has toe 
general formula: t 




in Formula I, plsO or an Integer from 1 to 4, R tor each occurrence is a 
substituent, preferably each Independently, a halo, a substituted or unsubstituted aliphatic 
group, -NR'R 2 , -OR 9 , -OC(0}R a , -C^OJOR 3 , cyano, a substituted or unsubstituted atyl, a 
substituted or unsubstituted heterdcyclyl, -CHO, -COR 3 , -NHCOR 3 , a substituted or 

_g unsubstituted araikyl. halogenated alkyl (e.g„ trffluoromethyl and titehloromethy l), or-SR 3 ^ 

Preferably, R is halo, a substituted or unsubstituted aliphatic group, -NR^R 2 , -ukV 
^)C(0)R a , -C(0)OR 3 , or cyano. Alternatively, two adjacent R groups taken together with 
the carbon atoms to which they are attached form a six membered saturated or 
unsaturated ring. Preferably, the six membered ring formed is an aromatic ring. R 1 and 

10 R z are each, Independently. -H, a substituted or unsubstituted aliphatic group, a 
substituted or unsubstituted aryl group, a substituted or unsubstituted atelkyl group; of 
together with the nitrogen to which they are attached form a heterocyclyl group. R 3 is a 
substituted or unsubstituted aliphatic group, a substituted or unsubstituted aryl group, or a 
substituted or unsubstituted araikyl group. X is O or S. Preferably. X is O. It is 

1 5 particula'rly preferred that X is O and p ls'0. 

Suitable substituents which may be present Include aryl groups, haJogenated aryl 
groups, alkyl groups, halogenated alkyl (e.g. trffluoromethyl and trtchloromethyl), aliphatic 
ethers, aromatic ethers, benzyl, substituted benzyl, halogens, particularly chloro and 
fluoro groups, cyano, nitro, -S-(aIiphatic or substituted aliphatic group), and -S-(aromatic 

20 or substituted aromatic} gro ups . 

Preferably the saccharin or saccharin derivative is employed as a salt complex 
with an organic base. 

Organic bases which can form salt-complexes with saccharin . or saccharin 
derivatives are organic compounds that have a tendency to accept protons at pH 7. 

25 Preferred organic bases are secondary amines, tertiary simlnes. or azaheterocyclyl bases, 
each of which may be substituted or unsubstituted by one or more substituents. An 
aprotic organic base ts an organic base thai has no hydrogen bonding protons In its 
chemical structure before accepting a protoru Aprotic organic bases siich as tertiary 
amines and aprotic azaheterocyclyl compounds are preferably used in conjuncflon with 

30 compounds of formula 1 , as described herein. 

Azaheterocyclyl bases, as used herein, include heteroaryl groups Vvhlch have one 
or more nitrogen atom In the aromatic ring and heteroalicydyl groups that have at least 
one nitrogen atom in the non-aromatic ring system. Preferably, azaheteroaryl bases have 
five- or six-membered aromatic rings witti from one to three nitrogens in the aromatic ring. 

35 Preferably, azaheteroalicydyl compounds are five* or six-membered rings, commonly 
comprising one or two nitrogens in the ring. Examples of azaheterocyclyl bases include 
pyridines, 1-alkylpyrazoles, especially 1»(C^ aikyl)pyrazoles, 1-arylpyrezdtes, 1- 
benzylriyrazoles, pyrazines, N-alkylpurlnes. especially N^C* alkyl)purines, N-arylpurlnes, 
N-benzylpurihes. N-alkyipyrroles. especially N-(Gm. alkyl)pyrroles. N^rylpyrroles, N- 
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„ ,. .. , «.„»i^ik. mJ(». . * mW azotes. N- 

berizyipyrroies. pyridines. N-alkyHmldazoIes, «^ ■» -w--- • 

aryirmidszoles, especially N-phenyllmidaiole, N-oenzyllnridazoles, qulnollnes. 
IsoquinoGnes, quinoxallhes, quinines, r^lkyllndoles, especially N-tC,. alkyl)indotes, 
N^ryJIridoles. N-benzyBndoles, N-alkylbenzlmidazoles especially JHPm 
^hherri midazoles, N.aiylb B nzlmidazotes> N-benzylbertzimldazoles, trlazine, tfitole. 
Talkyl-^zaindoles, especially UP^P^^, l-aryl-7-azalndoles. i-oenzyj- 
7-azalndoles, pyrrolidines, morpholines, piperidines, and pipelines. Especially 
preferred azaheterocydyl bases am pyridines, such as pyridine and 3-methylpyridKie. and 
N-(Ci-t alkyl) Imidazoles, sueh as N-mathyllmidazole- 

Tertiary amines are organic bases that have a nitrogen atom which is bonded to 
three carbon atoms, often to three aryl. commonly phenyl, and/or alkyl groups, commonly 
to three' alkyl groups, including for example trialkylemlnee such as trlmethylamine. 
Methylene, and dlteopropyletnylamina. In addition, tertiary amines can be 
azaheterocyotyl groups wherein the nitrogen atom is aprotlc. Tertiary ammes that are 
azaheterocydyl groups are preferred. Examples of azaheterocyplyl tertiary amines are N- 
alkylpyrrolidlnes, ^pyrrolidines. N^lkylpyrrotes. N^ryipyrroles. N-alkylmorphohnes, 
N-arylrhOrphollnes. N-alkytplperidlnes, N-arylpiperidines, N.N-dialkylptpamanes. H,H- 
dlarylpiperazines, N-afkyl-N-aryl-ptperazlnes. quinuclldtnes, l.5-dla 2 ablcyctot4,3.Ci]non-5- 
enes and 1 .fi-dia^blcyclotS^.Olunde^nes. Tertiary amines can also be azaheteroaryl 
or azaheteroalicyclyl compounds. 

Secondary amines are organic bases comprising a nitrogen bonded to a single 
hydrogen and to Wo carbon atoms. Commonly the nitrogen atom is bonded to two alkyl 
or aryl groups or forms part of an azaheterocyclic group, Examples of secondary amine 
compounds include diethylamlne and dilsopropylamine. 

Particularly purred organic bases Include pyridine. 3-methylpyfidine, and N- 

^^etoote solid supports which can be employed in the process according to the 
present Invention are those which increase In volume when contacted with *n appropriate 
solvent It will be recognised that the extent of the swelling wilt vary from support to 
support, and depending on the nature of the solvent Preferred swell ratios for a swellable 
solid support falls In ihe range of from 5 to 20. The swell ratio is defined as 

Swell Ratio' - Volg^ ¥£km 

Volinltla! 

Vol M = Final volume occupied by support after allowing the support to fully 

swell In a given solvent 
Volinwd = lnltial drv b8d v 01 ^ 6 su PP° rt - 



Sweilabie soild supports are iypicaiiy cross linked polymers wherein the 
amdunt of cross-linking is low enough tb permit swelling. The extent of crossllnking in 
these jSolymecs can be expressed in percentage terms and corresponds to the number of 
rnoies of polyrnerisable double bonds derived from monomers containing, two or more 
5 polyrnerisable double bonds as a percentage of the total number of moles of 
polyrnerisable double bonds. The percentage of cross linking is often in the range of from 
0.1 , commonly from ti-5. to 20%, such as from 1 to 1 0%, and preferably na more <han S%. 
Polymers comprising no more than 20% of cross-Jinking are generally sweilabie, whilst 
polymers comprising greater than 20% of crossltnklng are generally not sweilabie. Most 
1 0 preferably a level of crossKnking from 1 % to £%, especially from 1 % to 3% is employed- 
the polymer support may be derived from the polymerisation of a composition 
comprising one or more monomers, and is preferably derived from the polymerisation a 
composition comprising of two or more monomers. The monomers may contain one or 
more polyrnerisable double bonds. Preferably the polymer support ts derived from the 
15 polymerisation of a composition comprising one or more monomers containing only one 
poiyfnerlsable double bond, and one or more monomers containing <wo or more 
polyrnerisable double bonds. Most preferably the polymer support is derived from the 
polymerisation of a (Somposition comprising one or two monomers contacting only one 
polyrnerisable double bond, and one monomer containing two or three polyrnerisable 
20 double bonds. 

Examples of monomers containing only one polyrnerisable double bond include 
styrene and substituted styrenes such as o^methyl styrene, methyl slyrene, t-butyl 
styren^'bromostyrene and acetoxy styrene; alkyl esters of mono-oleflnlcally unsaturated 
dicarbdjflfllo adds such as di-n-butyl ^naleate and di-n-butyl fumarate; vinyl esters of 
25 carboxylb acids such as vinyl acetate, vinyl propionate, vinyl laurate and vinyl esters of 
versatib acid such as VeoVa 9 and VeoVa 10 (VeoVa Is a trademark of Shell); 
acrytamides such as methyl acrylamide and ethyl acrylamide; methacrylamides such as 
methyl msthacryfamide and ethyl methacrylamide; nitrile monomers such as acrylonltrile 
and methacrylonltrlle; and esters of acrylic and methacrylic acid, preferably optionally 
30 substituted C^aM and Ct^cydoalky esters of acrylic end methacrylic acid, such as 
methyl acrylate, ethyl acryiaise, n-butyl acrylate, 2-sthylhexyl acrylate, ^propyl acryiata, 
and n-propyl acrylate, methyl methacrylate, ethyl methacrylatev n-butyl rnethacrylate, 2- 
etftylhexyl methacrylate, i-propyl methacrylate, n-propyt acrylate, hydro*yethyl acrylate, 
hydroxyethyt methacrylate, N,N-dimethyIaminoethyl acrylate and N.N-dlmethylaminoethyl 
35 methaciylate. Funcfionai derivatives of the foregoing monomers containing only one 
polyrnerisable double bond can also be employed. 

Examples of monomers containing two or mdre polyrnerisable double bonds 
Include dlvl&ylben^ne (DVB), trtvinylbenzene, and multifunctional acrylates and 
mebiacrylates such as ethylene glycol diacrylate, ethylene glycol dimethacrylate, 
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20 



25 



30 
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trimetiiviolpmpane triaerylata, trimethylolpropane mmema^.a*, 

£22 tH-ryll. M t*— V**. penf^ritol ~^e, 
pentaerylhntol tetramethacryiate and UN-bis^cryloyl ethylene diamine «» 
cross-Unking monomer, particularly for the preparation or crcss-linked P^tyrer^IsDVB. 

Preferred examples of s table supports Include copolymers ^omprelng 
polystyrene ■ such as polysfrrene-polyfc thyfene glycol) copolymer, lunctionauseq 
polystyrenes, especially polygenes funtionallsed with polyethylene glycols, Including 
thoL ptfyme* disclosed in WO00/02953, incorporated herein by referent, polystyrene 
which tt graft-copolymerised with polyethyleneglycoi. such as those polymers ava.lable 
under the trade name Tenteger which comprise a polystyrene core with polyethylene 
alycol (tm ca 4000) chains grafted onto this core, and polymers such as 

Further preferred ~ Include 
poMvinyiacetete). Additionally. P oly(acrylamlde) supports, especially micropores or soft 
gel supports, such as those more commonly employed for the solid phase synthase of 
peptides may be employed If desired. Preferred polyOorylam.de) supports are amine- 
functlohklised supports, especially fhpse derived from supports prepared by 
copolymerisatlon of acryloyl-sarcosine methy. ester. N.N^methylacrylamWe : and bis- 
ac^loylethylenediamine. such as the commercial* available (Polymer ^ora to "e S ) 
support sold under the catalogue name PL-dMAi The procedure for preparaton of the 
supports h*s been described by Atherton, E, Sheppard. R Oi in P ^^l 
7Lc**t Appro**, PubL 1RL Press at Oxford University M < 19M > « h *J 
incorporated Zln by reference. The functional group on such supports ,s a methy ester 
and this is initially converted to a primary amine functionality by reaction with an alky! 

•diamine.., such as ethylene diamine, . 

the swellable solid supports comprise a functional group on whch ohgonudeotide 
synthesis can be effected. Examples of functional group are amino and h ^^9 ro T; 

the oligonucleotide synthesis can take place by direct attachment to the funeral 
a*up of the solid support. However, in many embodiment St is preferred to employ a 
cZ^eTnS to atach me oligonucleotide to tine solid support via the functional group 
of linker are well Known in the art and include particularly Sucan* oxaloy. 

^Tn^ernocdlments. the support Is swelled in the solvent of choice to a«ow 
nsady access to the functional g^ups on the support. Solvents of choice can be predated 

the poiymer composition and are often those 
-good solvents" for a theoretical linear polymer which may be made from a similar 
composition out with no crassllnklng agent present 

P The process of me present invention preferably employs a sofcent wh,ch . fe 
sefcctod to swell tine soild support It will be recognised that the nature 0 tine sdvent w I 
^tested based upon «he nature of the solid support employed. Exempt of suitable 
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solvent* suKabie for use In phosphoramluSte chemistry ara well known In the art, and 
, Include In particular acetonltrile, dlmethyifformamide, N-methyipyrralidinone, 

dlchloromethane, THP and pyridine. . 
Oligonucleotides that can be prepared by the process of the present invention j 
5 include ollgodeoxyribonucleotides, ollgoribonucleoslde, an d oligonucleotides comprising 
mixtures of deoxyribo- and ribonucleostdes. The oligonucleotides may be mpalwed by one 
or more modifications known In the field of oligonucleotide chemistry, for example 
ribdnucljaastde moieties may be modified at one or more of the Z-pbsfflons by the 
presence of 2~alkoxy group, such as a rnethoxy or methoxyethoxy group- 

10 Dedxyribonudeosldes moieties may be modified at the 2-positicn by the presence of a 

subsffitufcnt, such as a halo group, especially a fluoro group, or by an alkeiyl group such j 
as an allyl grcUp. Abaslc nucleoside moieties may also be present One or more locked 
nudfeoside may be present In many embodiments, the oligonucleotides will be in the 
form of the natural D-isomer. However, some or all of the oligonucleotide may represent 

15 an Unnatural Jsomer, for example an L~isomer or a B-anomer, either in whole or in part 
The Intgrnucleoside linkages may be natural phosphate, or one or more modified linkages, 
for example phosphorothioate or phosphoramidate linkages may be present 

The oligonucleotide may comprise one or more protecting groups. Examples of 
such protecting groups, and the positions which they can be employed to protect, are well 

20 known tjo those skilled In the art, and infclude trityl, monomethoxytrityl and dlmethoxytrityl 
groups, tevullnoyl groups, Isobutyryl groups, benzoyl groups, acetyl groups and carbonate 
groups, such as BOC and especially FMOC< 

the oligonucleotides may comprise natural and/or unnatural nucleobases 
Including adenine, guanine, cytosine. thymine, uracil, 7-deazaguanlne a 7-deaza-8- 

25 azaguaftine, SHpropynylcytosjne, 5-propynyluradl, 7-deazaadehine, 7-deaza-d- 
azaadenlne, 7-deaza-6-oxopurtne s 6-oxopurlne, 3-deazaadenosine, 2-oxo-6- 
methylpyrimidine, 2-oxo-4-methyithio-5-methylpyrimIdine, 2-thiocarbonyl-4-oxo-5- 
methylp'yrimidine, 4-oxo-5wmethylpyrlrn!dine, 2-amino-purine, 5-flu6fouraciK 2,6- 
dl^mlnqpurlne, 8-arninopurine, 4-triazolo-5-methylthymlne l 4-triazolo-S-rnethyluraciI and 

30 hypox^nthine. 

The oligonucleotide ts preferably prepared by coupling a deoxyribonucieside*3- , 
phosphoramidile or ribonudeslde^'-phosphoramidlt© with a nascent ollgonucteotide j 
comprising a free S'-hydrcfty group- However, It will be recognised that the process 
according to the present Invention Is equally applicable to the coupling of a 5'- 
35 phosphoiramWlte to 3 free S'-hydroxy grdup. 

Preferred phosphorarnldltes are compounds of formula: 
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wherein R* I* a protecting group, preferably a trttyl, monomethoxytrityl or dimethoxytrftyl 
group, B Is a nucleoside base. R 8 represents -H, -F -OR*. -NRTR 8 , -SR 9 , or a substituted 
5 or unsubstituted aliphatic group, such as methyl or ally! PQ is a phosphorus protectmg 
group, comntonly a deavable phosphorus protecting group employed iri oligonucleotide 
synthesis, end preferably a substituted or unsubstituted aliphatic group or a group of 
feftnuN -OGH z CH 2 CN, -SCH^CH^N, -OR". -SR 11 . -O-C^CH^SitGH,)^ -O- 
CH,CH2-S(0)^H a CH 8 , -CKJHbCHrCa^-NOa. -S^H ? CH 2 ^l(CH a ) 2 C a W e . -S-CH z CHr 

10 Sto^-CHaCHs, or -S-CH,CH^ B H 4 -N0 2 . R fi represents 44, a substituted or unsubstituted 
aliphatic group (**, methyl, ethyl, methoxyethyl or allyl). a substituted or unsubstituted 
aryl group, a substituted or unsubstituted aralkyi. en alcohol protecting group, especially a 
bsse-lebile or a silyi protecting group, or -(CH^NR^R 13 . R 7 and R B are each, 
Independently. -H, a substituted or unsubstituted aliphatic group, or an amine protecting 

15 group. Alternatively, R* and R* taken together with the nitrogen to which they are 
arched are a heterocyclyl group. R° represents -H, a substituted or unsubstituted 
aliphatic group, or a thiol protecting group, R u represents a substituted or unsubstitoted 
aliphatic group, a substituted or unsubstituted aryl group or a substituted or unsubstituted 
aralkyi group. R 12 and R 13 are each, independently. -H, a substituted or unsubstituted aryl 

20 group a substituted or unsubstituted heteroaryi group, a substituted or unsubstituted 
aliphatic group, a substituted or unsubstituted aralkyi group, a substituted or unsubstituted 
heteraaralkyt group or an amine protecting group. Alternatively. R 13 and R 18 taken 
together with the nitrogen to which they are attached form a heterocyclyl group, q is en 
Integer from 1 to about 6. Each R 16 independently is a C,„ alkyi group, preferably an 

25 Isopropyl group. The phosphoremtdlte employed is commonly a betecyanoethyloxy-N,N- 

dllscpropyl phosphoramidlte. 

The process according to the present invention may employ such process steps as 
are conventionally carried out tor the solid-phase synthesis of oligonucleotides using 
phosphbramldite chemistry, including sulfurisatlon, oxidation and capping stages- 
30 When a sulphurization agent is employed, preferably the sulfurfeation agent is an 

organic sulfurfeation agent 

• fexamples of organic sulfurization agents Include 3H-berizadithioK3-one 1.1- 
dioxide (also called "Beaucage reagent"), dlbenzoyl tetrasufflde, phenylacetyl disulfide. 
N N N* ISI'-tetraethylthluram disulfide, elemental sulfur, and 3-amlno-{1 ,2^]-dlthlazole-5- 
35 thione'(see U.S. Patent No. 6,096,881. the entire teachings of which ate Incorporated 
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herein by referent*). 

typical reaction conditions for sullurization of an oligonucleotide using Ihe above 
agents can be found in Beaucage, ef a/., Tefraheolhort (1993), 49:6123, which Is 
Incorporated herein by reference. 
5 Preferred sulforfeation reagents are 3^amino-[1,2.43-dlthla2ole-&-thione and 

pltenylacetyl disulfide- 

gulfur&atlon of an oligonucleotide may be carried out by, for example use of a 
solution of 3-amlno-[1,2,4]-dithlazoie-5-thlone in an organic solvent; such 
pyridine/acetonltrile (1:0) mixture or pyridine, having a concentration of about 0.05 M to 
10 about 0*2 M. 

Examples of oxidising agents which may be employed include Iodine and 
peroxides, such as ^butythydroperoxlde. 

A desired oligonucleotide can be prepared for example by a sequence of steps 
which comprise coupling a protected, commonly a S'-protected, nucleoside 
15 phdsFSH^ramidife with a ffee hydroxy group, oxidising or sutfurising the protected 
phosphite trlester formed in the coupling step to form a phosphate or phosphorothfoate 
oligonucleotide, removing the protecting group from the ollgonculeotide, and repeating the 
cycle Until the desired sequence has been assembled. The oligonucleotide can be 
cleaved from the solid support and any remaining protecting groups, such as nucleobase 
20 and phosphorus protecting groups can be removed using conditions known in the art 

the process according to the present Invention can be carried out In a wide range 
of appropriate reaction vessels, including, for example, columns, stirred vessels and fixed 
bed reactors. 

the present invention (a Illustrated without limitation by the following example. 

25 

Example 

synthesis of. DMTrOABa^'^ucclnate 

DMTrOABzOH (76.0 g. 117 mmol) was charged to an oven-dried 500ml florentlne. 
followed by succinic anhydride (15.e g r 160 mmol) and N.AMmethylarninopyridlne, The 
30 flask was flushed with nitrogen gas and the neck was fitted with a rubber septum. 
Anhydrous pyridine (250 ml) was charged to the flask via syringe. The resulting solution 
was stirred at room temperature for 82 hours after which the bulk of the pyridine was 
removed in vacuo. The resulting crude oil was stored in a stoppered flask for 50 hours. 

35 The oil was dissolved In DCM (250 ml) and this solution was washed with water <2 x 250 
ml) and trlethylammontum phosphate solution <3 M, pH 7.5", 2S0 ml). The organic layer 
was separated, dried with MgSO* and the solvent was removed in vaouo. The residue 
was dissolved in toluene (200 ml) and the solvent was removed in vacuo. This was 
repeated on<te more wilh toluena (200 ml) and once with DCM (200 ml). This yielded an 
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f .^_L ..*.i.o. * hmirc rfrvlnn (inrisr vacuum, could be crushed to a free- 
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flowing powder (94.4 g). 

The strength of this product was measured (HPLC, area %) as 97 %, corresponding to a 
5 yield of 91 %. 



Preparation of HOABz-a'-succlnate-polystyrene resin 

Resin: ex Novabiochem. 1.13 mmolg" 1 amlnomethyteted polystyrene resin (1 % 
crossiiriked DVB), cat. no- 01-34-0010. 



Amlhomethylated polystyrene resin (i% crosslinkad with divinylbenzene) obtained from 
Novabiochem (cat no. 01-64-ooiO) (5 g. "5.6S mmor. 1 eq) was placed in a large 
straight-edged sinter funnel and pre*swollen with N-methylpyrrolidinone (NMP, ca. 30 mi), 
applying a positive pressure of nitrogen via a side-arm to bubble through the thick paste. 
1 S The NMP was discharged after oa. 1 0 minutes. 

DMTrOABz succinate <19.4 g. 3.9 eq) and hydroxybenzotrlazole <HOBt) (4.6 g, 6 eq) were 
dissolved In NMP (ca. 3S ml) and ddsopropylcarbodiimide (DIG. 2.1 g, 2.9 eq) was added 
to this solution. Diisoprepyletoylamtne (1.7 g. 3 eq) was added to this solution ca. two 
20 minutes after the DIC had been added: This whole solution was swirled then quickly 
added to the swollen resin In the sinter, again with a positive pressure of nitrogen from 
below the sinter providing agitation for the thick yellow gel. Glassware and equipment 
contaminated with DIC was detoxified in a caustic bath. 

25 The sinter funnel was covered over to prevent contamination of toe reaction mixture (nan- 
gastlght seal) and the reaofion was left bubbling gently for 65 hours. 

Checking the progress of the reaction by standard Kaiser tests gave a negative result 
(yeltowcotour) after this period and the reaction was deemed complete. 

The reagent solution was discharged by swapping the N 2 flow for a vacuum and sucking 
the solution into toe flask. The resin was washed with NMP (3 X - 40 ml). Any remaining 
free amino groups were capped by adding a solution of acatto anhydride (4.2 g. 7.2 eq) 
and N.N-dtmetoylaminopyridine (0.07 g, 0.1 eq) In NMP (- 35 ml) and holding for 1 hour. 
The reagents were discharged and the resin was washed with dimethylformarmde (DMF. 
5 x 40 ml), dlchloromstoane (DCM, 5 x 40 ml) and was finally collapsed wito diethyl ether 
(3 x 46 ml). The resin was blown dry with a stream of nltragen and dried in a vacuum 
oven room temperature overnight The spent reagent solution was treated with NaOH 
soiutionilbr detoxification. 
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Tn£ resJh (1.026 g) was cnargea to a jacneiea pnase reactor vnu wa&reu «vi«i u.v*m v <v 
mlj. The reactor jacket was cooled to 0°C with a fluid circulator. Whfle suction was 

applied, 3 % v/v dlchloroacetlc add solution in DCM (84 ml) was charged to the reactor. A 
deep red colour developed Immediately. Once all of the add solution had passed through 
5 the resiri bed (1 1 0 s) the resin was washed with DMF (5 x - 1 0 ml) and DCM (5 x - 1 0 ml) 
and finally collapsed with diethyl ether (3 x - 20 ml). 

Preparation Of AcQG(tsobu)TABzGBzABzPS 

For all "dry* steps in coupling reactldns (i.e- pre-coupling washes to sulfa rization) the DA/IF 
10 used vy^s commerdal anhydrous DMF (ex Aldrioh), which was dried overnight over 
moiecul£r sieves in ca. 100 ml batches as required. This gave DMF with a moisture 
content of 10-50 ppm (Karl-Fischer), c.f. -160 ppm as Initially supplied; 1 Discharging 
solutions was achieved in these steps by applying a positive pressure of N 2 gas to the top 
of the reactor Wa the Rotaflto tap. The resin used initially In this series of reactions was 
15 0.5 mrnolg" 1 of the HOABs-polystyrene resin prepared above. All phosphoramidites were 
protected ded^bo-3'-betecyanosthylo^ 

The MOABfc-polystyrene resin (1.356 g, 0.69 mmol) was charged to the jacketed solid- 
phase reactor, which was fitted with a septum Inlet and a Rotaflo tap. Both the nitrogen 

20 inlet and outlet were fitted with In-line drying tubes filled with self-indicating P 2 Ob. The 
resin wejs washed with dry DMF (3 x - 5 ml) and dry DCM (2 x ~S ml). The amldite (1 .41 
g, 2.5 4q) was dried azeotropioally with MeC^ (2x10 ml) and dissolved In dry DCM (~ 3 
ml). N-methyllmidazole salt of saccharin (0.45 g, 2-5 eq) was charged to an oven-dried 
vial fitted with a septum and dissolved in dry DMF (-0,75 ml} and dry DCM (-1 .5 ml). The 

25 amldite and saccharin salt solutions were then chafed to 1he pre-swolten resin, in that 
order. 

After a two hour hold with gentle bubbling of the mixture with N a gas. dry methanol (~2 ml) 
was added. After ca. 5 minutes the solution was discharged from the reactor and the 
30 resin Was washed with dry DMF (3 x « 5 ml) and dry pyridine (2 x - 5 ml). The spent 
reagent solution was analysed by HPLC to estimate the amount of active amldite 
remaining at the end of reaction. • 

A soluflpn of S-amino-CI-Z^-dithiazole-S-lhione (0.25 g, 2.5 eq) in dry pyridine (~ 4 ml) 
35 was charged to the resin and this was held, with genUe N 2 bubbling, for one hour after 
which the solution was discharged, The top was removed from the reader and the resin 
wds warned with bench DMF (5 x - 5ml) and DCM (5 x - 5 ml) end then with Cap A 
solution' (5:3:2 MeCN:Py:NMI, 2 x ~ Sml). Cap A solution (2.S ml) and Cap B solutldn (4:1 
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hour. 

The spent capping solution was discharged and the resin was then washed with DMF (5 x 
~ 5 rtii) and DCM (5 x « 5 ml) and finally w ith diethyl ether (3 x - S ml). The resin was 
then tett overnight before geirnyiaiian. 

Prior to detrltylatlon the reactor jacket was cooled to 0 'C and the resin was washed/pre- 
swolleri with DCM. The resin was held under suction while a 3 % dichloiuacetic acid 
solution (in DCM) was passed through the bed, causing a deep red colouration to appear. 
The volume used was based on 100 ml of 3 % acid solution per 1 mmol DMT expected to 
be attached to the resin. Once all the add solution had passed through the resin bed the 
resin was washed with DMF (S x - S ml) and DCM (Sx-5 ml). A further 1 volume of the 
add Solution was passed through the resih. taking on a pale orange colour as it did so. 
The resin was again washed with DMF (5 x ~ 5 mi) and DCM {5 x - 5 ml) and finally with 
diethyl ether (3 x - 5 ml) in readiness for the next coupling reaction. 

After coupling the HOABzPS resin sample with dC. dA, T and dG amldltes. using the 
same procedure . each time and capping after the final detrltylatlon step, the 
AcOc3(|3obu)tAB2CBzABZPS resin was found to weigh 2,653 g. 
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CLAIMS 

1. A process for the synthesis of an oligonucleotide In which an oligonucleotide Is 
assembled dn a sweJIable solid support using the phosphoranrudlte approach (n the 
5 presence of an activator, wherein the activator is not tetrazole or a substituted tetrazole. 

t. A process according to claim 1, wherein the activator is selected from the group 
consisting <W pyridlnium, Irnidazollnium and benzlmldazoliniurn salts, particularly 
heicafluorophosphate, tetrafluoroborate, Inflate, hydrochloride,: trifluoraacetate, 
10 dlfchloroacetate P Omesyl, O-tosyl, bromide or trifluorosulphonyl salts; benzctriazole and 
derivatives thereof, especially hydroxyberizotriazole; and saccharin or a saccharin 
derivartfv^i preferably employed as a salt-complex formed with an organic base, especially 
thS N-riiethylimidazole> pyridine or 3-methylpyrldine salts of saccharin, 

15 3- A process according to either preceding claim, wherein the swellable support 
comprises polystyrene, partially hydrolysed polyvinylacetate and poly(acrylamide)- 
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